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A cluster of previously buried Taxodium distichum stumps are exposed and preserved in 
growth position at the bottom of a trough on the inner Gulf of Mexico (GOM) continental shelf in 
18 m water depth and 13 km offshore Orange Beach, AL. Radiocarbon ages from wood and 
optically stimulated luminescence (OSL) dating of sediments suggest a Marine Isotope Stage 
(MIS) 3 age, or older. This study builds on the previous work of Gonzalez (2018) and Obeclz 
(2017). Five biofacies were identified in vibracore collected in 2015 and 2016: 1) the Holocene 
Mississippi-Alabama-Florida (MAFLA) sand sheet, 2) a Holocene interbedded sand and mud 
facies, 3) a Pleistocene interbedded sand and mud facies, 4) a paleosol, and 5) a Pleistocene 
interbedded mud and peat facies associated with the in situ stump horizon. The seafloor, a 
transgressive ravinement surface, and a basal contact between undifferentiated Pleistocene 
terrestrial facies and an older, steeply dipping clinoform package are resolved from geophysical 
data. Foraminiferal assemblage analysis revealed the transitional layer of interbedded sand and 
mud above the floodplain facies was late Holocene in origin and was part of a lower shoreface or 
marine-dominated estuarine environment. Stratigraphy of the area suggests paleotopographic 
relief was established prior to 56 ±5 ka and persisted until Holocene transgression. Two major 
factors allowed for unusual preservation of the in situ stump horizon: (1) paleotopographic relief 
created enough accommodation for sediment infill to bury and preserve the forest, and (2) 
significant pulses of sea level rise during MIS 3–4 produced widespread, rapid floodplain 





 The northern coast of the Gulf of Mexico (GOM) has responded to numerous fluctuations 
in glacioeustasy (Anderson et al., 2004; Donoghue, 2011). The projected sea level variability is of 
concern because of the important socioeconomic consequences it may have on populated coastal 
regions (Thatcher et al., 2013). Understanding past variability is of importance for future climate 
and sea level modeling (Ordonez and Williams, 2013; Doyle et al., 2015). The majority of 
Quaternary studies from the northern GOM focus on the Last Glacial Maximum (LGM) and 
subsequent deglacial interval. Records spanning from the Wisconsinan glaciation (i.e., 75,000–
11,000 years ago or Marine Isotope Stage (MIS) 3–4) are sparse. Even more rare are glacial age 
records of vegetation populations from the northern GOM and southeastern United States (US) 
(Watts, 1980). A recently discovered site ~13 km offshore Alabama contains exceptionally 
preserved in situ evidence of subtropical Taxodium distichum wetlands that exist during 
Quaternary glacial intervals. This evidence contradicts climate models that suggested colder boreal 
forests existed in the region at those times (Webb III et al., 1998). This site contains pre-LGM 
preserved wood and its age provides an opportunity to study Quaternary landscape changes for the 
most recent interglacial-glacial transition. The woody remnants have primary cellulose structure 
intact with no indication of fossilization or other diagenetic alteration. The MIS 3 to 4 age of the 
preserved stump horizon means it is some of the oldest reported tree materials in the Northern 
Hemisphere (Palmer et al., 2006). An ongoing multidisciplinary investigation of this site, which 
this author is a part of, seeks to investigate the conditions that allowed for these tree remnants to 
be preserved despite the highly destructive erosional processes associated with sea level regression 




1.1 Study Area 
Our study site is a ~30,000 m2 area located offshore within the Mississippi-Alabama-
Florida (MAFLA) province of the northern GOM. This province is a ramp margin that is bounded 
on the west by Mississippi River St. Bernard Shoals and to the east by DeSoto Canyon with the 
shelf width that thins from 100 to 25 km eastwards from Chandeleur Islands (Bart and Anderson, 
2004; McBride et al., 2004) (Figure 1). A regional sand deposit, known as the MAFLA sand sheet 
deposited during the last transgression, blankets the seafloor and exhibits a northwest-southeast 
shore-oblique ridge and trough morphology (McBride et al., 2004). Diving operations in 2015 by 
Louisiana State University (LSU) and University of Southern Mississippi (USM) researchers 
found bald cypress (T. distichum) stumps currently exposed in a 1.5 m deep swale. The site may 
have become exposed by seabed erosion after the eye of Hurricane Ivan in 2004 passed within 10 
km of the site (Figure 2). Modern fluvial morphology of the inland area is characterized as having 
a low–moderate sediment supply, and a LGM age lowstand steeply incised valley carved out by 
the Mobile-Tensaw river system (Anderson et al., 2004; Bartek et al., 2004). Fluvial input of 
freshwater and general circulation patterns within the northern GOM create distinct water masses 
of varying salinities (Puckett, 1992). Seasonal salinities range from 32.6 to 35.6 ppt near DeSoto 






Figure 1. Map showing the approximate location of the study site 13 km offshore Alabama. 
Bathymetry of the northern GOM is shown. The green box represents our study site (Gonzalez et 




Figure 2. Time-structure map of the MIS 2 sequence boundary in the Mobile-Tensaw River 
system. 
Yellow line and circles show the path of 2004 Hurricane Ivan, which passed within 10 km of the 
study area (blue square). Red contours (milliseconds below sea level) show that the drowned forest 
sits on the edge of a paleovalley of the MIS 2 sequence boundary (Obelcz, 2017). 
 
1.2 Geologic Setting 
The northern GOM is a passive margin that captures sediment from fluvial systems that 
are controlled by eustacy, subsidence, climate, and sedimentation (Anderson et al., 1997; Anderson 
et al., 2004; Donoghue, 2011; Shen et al., 2012). During the Quaternary, the GOM experienced 
multiple rapid global glacioeustatic cycles governed by Milankovitch orbital modulations (Lobo 
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and Ridente, 2014), which dropped sea levels by ~120 m compared with  present (Törnqvist et al., 
2004; Donoghue, 2011) (Figure 3). Furthermore, severe high frequency, millennial-scale abrupt 
warming and gradual cooling (i.e., Dansgaard-Oeschger) events and iceberg discharge (i.e., 
Heinrich) events were concurrent during the last glaciation yet their influence on sea level 
fluctuations is beyond the resolution of current sea level archives. Many studies have linked the 
relationship of sea level fluctuations in the GOM to the predictable spatial and temporal 
distribution of depositional packages (sequence stratigraphy) (Mars et al., 1992; Kindinger et al., 
1994; Zaitlin et al., 1994; Anderson et al., 2004; Bartek et al., 2004; McBride et al., 2004; Lobo 
and Ridente, 2014).  
The Late Pleistocene is characterized by cyclical sea level and climate variability (Figure 
3) and sequences of fluvial shelf incision during sea level lowstands and valley infilling during 
base level rise (Zaitlin et al., 1994). Incised paleovalleys in the Mobile region were initially incised 
prior to the Wisconsinan glaciation (Kindinger et al., 1994). From MIS 5 to 2, sea level fell and 
allowed the ancestral Mobile-Tensaw River system to further incise and shape valley complexes 
(Figure 2). As incision occurred during sea level fall, the interfluve vegetation established on the 
newly exposed continental shelf landward from the basinward-shifting shoreline. This floodplain 
environment and its associated peat accumulations responded directly to base level change (Fisk, 
1960; Shen et al., 2012; Anderson et al., 2016). Modern cypress swamps found in the southeastern 
US are dominated by T. distichum and Nyssa aquatica (tupelo gum) (Reese and Liu, 2001; 
Middleton and McKee, 2004), and frequently inhabit inland freshwater floodplains behind levees 
of distributary systems. Subsidence of the floodplain can lead to increasing encroachment of 
saltwater influence and the wetlands transition back and forth to brackish and saline marshes 




Figure 3. Sea level, temperature, and salinity records for the last glacial interval. 
A) Paleoclimate records for the northern GOM from foraminifera Mg/Ca (i.e., sea surface 
temperature (SST)), oxygen isotopic ratio (δ18O; SST, salinity, and ice volume changes), and local 
Δδ18OIVF–SW (i.e., salinity changes) records from nearby DeSoto Canyon (see Figure 1) (Nürnberg 
et al., 2008). The horizontal dashed line marks the mean northeastern GOM late Holocene value 
for local Δδ18OIVF–SW, and suggests major periods of freshening during MIS 4 to 2 near the study 
site. B) Greenland ice core δ18O records from GISP2 and GRIP show glacial climate variability 
(Grootes et al., 1993) with Dansgaard-Oeschger (DO) and Heinrich (H) events noted. C) The 
shaded blue curve represents the mean global sea level (Waelbroeck et al., 2002). Green circles 
and red squares are age constraints (1σ error bars) for the study site located with respect to dating 
sample depth below modern sea level.  
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The Mobile-Tensaw River system during MIS 2 bifurcated, and reoccupied and incised 
two valleys (Bartek et al., 2004; Mars et al., 1992). The study site is located on the eastern 
paleovalley of this system (Figure 2). The western portion supplied sediment to the Lagniappe 
Delta (Bartek et al., 2004; Roberts et al., 2004). Many studies have focused on Holocene evolution 
of Mobile Bay (e.g., Mars et al., 1992; Osterman and Smith, 2012), but only a few have studied 
the lower shoreface of the MAFLA area (McBride et al., 1999; Bartek et al., 2004; McBride et al., 
2004). The study of Bartek et al. (2004) identified seismic facies (fluvial, sheet sands, bayfill, and 
deltaic) within the Mobile-Tensaw system that conform to the Zaitlin et al. (1994) incised valley 
fill sequence. The early Holocene was characterized by rapid sea level rise due to the melting of 
the ice sheets and flooding of the continental shelf. The history of inundation in Mobile Bay 
occurred in two phases: (1) from 7.5 to 6 ka where 70% of the bay was flooded and (2) from 6 ka 
to present with slow relative sea level rise (Mars et al., 1992). The studies of McBride et al. (2004), 
Gonzalez et al. (2017), and Gonzalez (2018) described the morphologic and stratigraphic 
architecture of the MAFLA province. Six environmental facies were identified (sand sheet, lower 
shoreface, central estuary or open bay, bay beach, lower bay shoreface, and a Pleistocene soil 
horizon) alongside two local erosional unconformities due to bay and shoreface ravinement 
(McBride et al., 1999; Gonzalez et al., 2017; Gonzalez, 2018). 
1.3 Foraminifera of the Northern Gulf of Mexico 
Foraminifera can be preserved in sediments and are used as environmental indicators due 
to high species diversity and their association to different environmental conditions (e.g., salinity, 
temperature, substrate, dissolved oxygen, turbidity, and water depth) (Glassner, 1948; Scott et al., 
2001; Leckie and Olson, 2003). The ecology of foraminifera species is extensively documented in 
the GOM (Phleger and Parker, 1951; Bandy, 1956; Phleger, 1964; Murray, 1991; Puckett, 1992; 
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Poag, 2015). The studies of Bandy (1956), Phleger (1960), Puckett (1992) and Gangopadhyay et 
al. (1996) documented the distribution of benthic foraminifera in the northeastern GOM. Modern 
assemblages are often used as analogs to interpret fossil assemblages; therefore, foraminifera are 
useful tools for interpreting depositional environments and stratigraphic correlation (Leckie and 
Olson, 2003). 
The study of McBride et al. (1999) identified six facies (Table 1) for the northern GOM 
area. Multivariate analysis identified four primary and eight secondary foraminiferal assemblages 
and their interpreted environmental affiliations (Table 1). Miliolids, Rosalina, and Asterigerina 
carinata assemblages are considered to be indicative of normal marine environments of the late 
Holocene and overlie lower Holocene estuarine subclusters dominated by Ammonia parkinsoniana 
(41–71%), Elphidium (25–34%), and Haynesina germanica (29–57%) (McBride et al., 1999). A 
sequence boundary defines the base of the estuarine facies and truncates the underlying Pleistocene 
paleosol facies (McBride et al., 1999).  
Table 1. Facies described in McBride et al. (1999) 
 Description Foraminiferal Assemblages Environment 
Facies 1 Oxidized Pleistocene paleosol. Absent of macro- and 
microfossils 
Terrestrial 
Facies 2 Matrix supported estuarine shell 
bed. 
Ammonia: with Elphidium (5-
45%) and miliolids (16%) 
Lower Estuary 
Facies 3 Muddy-fine-quartz bioturbated sand 
with rip-up clasts. 
Miliolids: with Ammonia (10-
42%), Elphidium (8-16%) 
Estuarine 
Beach 
Facies 4 Horizontally laminated silty clay 
with bioturbation. Characterized by 
graded shell rich zones. 
Elphidium and Haynesina Central Estuary 
or Open Bay 
Facies 5 A well-developed shell bed that 
fines upward into a shelly, fine 
quartz sand. 
Miliolids and Asterigerina Lower 
Shoreface 
Facies 6 Massive fine to coarse quartz sand 
with widely scattered shell 
fragments. 







The objective of this study is to develop an integrated framework for the mode of preservation 
and site chronology to place the forest in context to the evolution of the GOM during the last 
glacial cycle. Integration of litho- and bio-facies will help identify the Pleistocene-Holocene 
sequence boundary within the vibracores recovered from the forest site. Characterizing changes in 
the depositional environment of the study area will provide insight into possible modes of wood 
and peat preservation. This study builds on the previous work of Gonzalez et al. (2017), Obeclz 






3.1 Field Work 
In 2015, the R/V Coastal Profiler conducted geophysical surveys (CHIRP subbottom, 
sidescan sonar, and swath bathymetry) and collected seven vibracores (17 m total recovery) from 
the area containing the exposed tree stumps (Figure 4). The area was reoccupied in 2016 with a 
higher resolution geophysical survey. Eleven additional vibracores (26 m total recovery) were 
collected and new geophysical surveys expanded the original study area (Figure 4). The vibracores 
from 2016 were collected for optically stimulated luminescence (OSL) dating because 2015 cores’ 
luminescence signals were reset after exposure to radioactivity from the densitometer on the Multi-
Sensor Core Logger (MSCL) used to scan the cores. 
Vibracores were collected using 6 m long, 7.5 cm diameter aluminum tubing attached to a 
vibrating head encapsulated within a steel tripod from the LSU Coastal Studies Institute. The 
submergible vibracoring system was lowered onto the seafloor in water depths ranging from 14 m 
to 18 m and operated until there was no increase in subsurface penetration. The coring typically 
lasted between 2 to 5 minutes. Once retrieved, cores were cut into 1.5 m sections, capped, labeled, 
and transported back to LSU. Cores used for OSL dating were wrapped in heavy-duty black plastic. 
Cores were split in half lengthwise at LSU and the archive half was wrapped in plastic and stored 
in a refrigeration unit to prevent moisture loss. The working half was processed for sampling and 
core descriptions (Gonzalez et al., 2017; Gonzalez, 2018). Complete core metadata, International 
GeoSample Numbers (IGSN), and registration were cataloged in the System for Earth Sample 




Figure 4. Local bathymetry overlaid with vibracoring locations and geophysical survey grids. 
Sites 15DF1–15DF16 were occupied in 2015 for sediment coring. In 2016, sites 15DF1, 15DF3 
were reoccupied and new sites 16DF7–16DF9 were added for coring. Expanded 2016 survey grids 
were taken to the northeast and south of the 2015 survey. 
3.2 Micropaleontological Processing 
Core 15DF1 (IGSN# IEADF151A) is the longest and most stratigraphically complete, and 
thus, serves as the main focus of this study (Figure 5). It consists of a Holocene sand sheet facies 
(0–310 cm), overlying an interbedded sand and mud facies (310–405 cm), and a basal interbedded 
peat and mud (405–478 cm; floodplain) facies (Gonzalez et al., 2017; Gonzalez, 2018).  
A coarse sampling scheme was taken through the Holocene sand facies of core 15DF1 as 
this facies is assumed to be the transgressive systems track and thus is heavily reworked (Anderson 
et al., 1997). Samples from the underlying transitional interbedded sand and mud facies were 
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collected at 5 cm intervals (Figure 5). A 10 cm sampling scheme was employed through the 
floodplain facies for freshwater or terrestrial microfossils (Figure 5).  
Standard micropaleontological processing techniques outlined in Scott et al. (2001) were 
followed. About 15 cc of sediment was collected for each sample. Sediment was wet sieved with 
deionized water over 1 mm, 125 μm, and 63 μm sieves. Residue was transferred to a drying plate 
and left to dry at 50°C. Residue was thinly spread over a picking tray and >300 foraminifera were 
picked from the 1 mm–125 μm fraction under a binocular stereo microscope, identified, and stored 
on micropaleontological assemblage slides. The >1 mm fraction was screened for Soritids and 
Peneroplids on a presence basis only. Specimen identification to the genus level followed Loeblich 
and Tappan (1988), and to the species level, when possible, using Phleger and Parker (1951); 
Bandy (1954); Bandy (1956); Andersen (1961); Puckett (1992); Poag (2015). Specimens were 
compared to samples housed at the LSU Natural Science Museum’s Collection of Fossil Protists 
and Invertebrates. Paleoenvironmental interpretations were applied using foraminiferal 
distribution and environmental associations outlined in Phleger and Parker (1951); Bandy (1954); 
Bandy (1956); Murray (1991); Puckett (1992); Gangopadhyay et al. (1996); McBride et al. (1999); 
Scott et al. (2001); Kohl et al. (2004); Poag (2015). Triloculina spp., Nodobaculariella sp., 
Spiroloculina sp., and Miliolinella sp. were grouped into “Other Miliolids.” Indeterminate 
specimens were defined as being too small, degraded, or broken for positive identification. 
Foraminiferal abundance (counted foraminifera per weight of dry sediment picked) was calculated 
for all samples.  
Samples to be used for micropaleontology were taken directly above and below inferred 
erosional surfaces in three other cores (15DF3, 16DF7B, and 16DF9B) to improve stratigraphic 
interpretations of the MIS 2 sequence boundary. The previously mentioned procedures were used 
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for processing. Residue dispersed over one picking tray was examined from each core on a 
presence basis only. In context of stratigraphy, foraminifera will be important for chronology 
development of the site. Coastal foraminifera could have only occupied our site during the Late 
Holocene or during previous highstands, due to the bathymetric depth of the site (18 meters below 
sea level (mbsl)) and sea level elevations (Figure 3). This study will use the framework of McBride 




Figure 5. Sampling locations in core 15DF1 with a view of the expanded section (300–478 cm).  
Pollen, microfossil, and radiocarbon sampling locations are noted on the left (cm) and radiocarbon 




 The study of Gonzalez (2018) summarizes the gamma density, grain size, and loss on 
ignition (LOI) results for core 15DF1 and all other vibracores studied by the project. Gamma 
density, p-wave velocity measurements, and image scanning were completed on a Geotek MSCL. 
A Beckman Coulter LS 13-320 Laser-Diffraction unit was used for grain size analysis. LOI 
analysis consisted of pre-drying samples for water content determination and was followed by 
heating at 550°C for two hours to measure percent organic content. 
3.4 Geophysical Study 
 The study of Obelcz (2017) summarizes the geophysical results for the project including 
collection, processing, and interpretation of data obtained from EdgeTech 512i (CHIRP 
subbottom) and EdgeTech 4600 (swath bathymetry and sidescan sonar) instrumentation. This 
author worked with Gonzalez and Obelcz to develop an integrated 3D subsurface model consisting 
of a continuous bathymetric digital elevation model (DEM) and two seismically resolvable 
surfaces from 2D subbottom surveys (interpreted in IHS Kingdom and exported as XYZ points) 
with core imagery and physical measurements imported and geo-referenced in Schlumberger’s 
Petrel software. The base of the Holocene sand sheet and the seafloor were used as tie points for a 
time-depth relationship. A velocity model was generated assuming water velocity of 1500 m/s and 
an unconsolidated sediment velocity of 1750 m/s (Bourbie et al., 1987).  
3.5 Chronology Control 
 Wood samples recovered by divers from the seafloor and exposed peat sediments, 
including a sample taken from an in situ stump, were radiocarbon dated using accelerator mass 
spectrometry (AMS) at the Lawrence Livermore National Laboratory. Dates from these samples 
proved to be inconclusive due to 14C detection limits. In January 2016, eight bulk sediment samples 
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were extracted from the floodplain facies in core 15DF1 and sent to Beta Analytic Radiocarbon 
Dating Laboratory. Samples were pretreated, rinsed over a 150 μm sieve, and examined under a 
microscope to ensure residue was woody debris. Only this woody debris was used for radiocarbon 
dating. In 2017, an additional 4.0 mg sample comprised of mixed genera benthic foraminifera was 
taken from the deepest section of 15DF1 (330 cm), where there was enough carbonate material, 
for radiocarbon dating at Beta Analytic (Figure 5).   
Technology and methods have drastically improved the reliability and precision of OSL 
dating in the last decade specifically, the single aliquot regenerative protocol (Murray and Olley, 
2002; Preusser et al., 2008). Age limitations on OSL dating have been shown to be reliable for 
samples <150,000 years (Wallinga and Cunningham, 2013). Five samples, from cores 16DF3A, 
16DF9A, 16DF7B, 16DF7A, and 16DF8A, were taken for OSL dating in November 2016 with 
assistance from Dr. Zhixiong Shen of Coastal Carolina University to refine chronology of the site. 
Selection of samples was based upon sampling the deepest depth with sufficient silt-sized quartz. 
For cosmogenic radiation calculations, it was assumed that the samples were underneath 20 m of 
water for 15% of their burial time and subaerially exposed for the remainder. Uncertainty of <5% 
is introduced to cosmogenic radiation calculations by an unknown quantity of sediment removal 







Results from core 15DF1 (Figure 6; refer to Appendix A2 for complete results) indicate 
that Rosalina spp., Hanzawaia concentrica, Elphidium spp., Cibicidoides spp., and miliolid taxa 
account for >70% of all the genera in the top 330 cm of 15DF1 and are similar to the miliolid, 
Rosalina, and Asterigerina carinata assemblages from McBride et al. (1999) (Table 1). Soritids 
and Peneroplids are present in assemblages down to 320 cm (Appendix A2). Foraminiferal 
abundance from 40–275 cm is between 134–285 specimens/g and then significantly increases to 
1625 specimens/g at 310 cm (Appendix A2). Organic content is increasing slightly within this 
facies (Figure 6). The presence of preserved tests is only found within the sandy sediments of the 
interbedded sand and mud facies. The number of shell fragments in samples decreases and no 
foraminifera were present from 335–355 cm with the exception of one Oolina sp. at 350 cm. A 
pulse of coarser grain size and increased shell fragments corresponds with increased foraminiferal 
abundances similar to that observed within the Holocene sand assemblages at 360 cm and 380 cm. 
A distinguishing feature from the interbedded sand and mud facies is that porcelaneous taxa 
represent a much smaller percentage (<2%) of the assemblage from 360–380 cm. An interval of 
no foraminifera is noted from 385–395 cm with very few shell fragments. Two broken and poorly 
preserved Textulariida tests were recovered from 400 cm. Foraminiferal abundances from the 
interbedded sand and mud facies are much lower than throughout the Holocene sand and range 
from 0.7–73.10 specimens/g (Appendix A2). Indeterminate specimens accounted for <2% of each 
sample (Appendix A2).  
Samples from the interbedded mud and peat facies (Figure 6) were characterized by high 
percentages of organic material (>4%) (Gonzalez et al., 2017) and no microfossils with the 
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exception of a preserved acarine (mite or tick) belonging to Parasitiformes or Mesotigmata in 
sample 410 cm. Intact preserved seeds (T. distichum, Hibiscus, Cephalanthus, and Liquidambar) 
were found in peat and mud samples and were saved for future analysis. Palynology of the 
floodplain facies by Dr. Andy Reese of USM revealed three terrestrial communities (DeLong et 
al., 2018): a cypress-tupelo gum backwater forest, a grass-dominated open marsh, and a possible 
no-modern analog cypress-alder assemblage. From the bottom of the core upwards, the cypress-
tupelo forest assemblage persists until a dramatic change to a grass (Poaceae) and sedge 
(Cyperaceae) dominated environment at 450 cm. This grass-dominated environment, interpreted 
to be an open marsh, continues until 430–420 cm where a no-modern analog cypress-alder (Alnus) 
community emerges. This assemblage then transitions back to an open marsh assemblage until 405 
cm. 
Results from micropaleontological analysis of cores 15DF3B, 16DF7B, and 16DF9B are 
shown in Figure 7. Microfossils were absent from sample depths 225 cm and 400 cm in 16DF7B. 
Ammonia parkinsoniana, Quinqueloculina spp., Rosalina spp., Elphidium spp., Asterigerina 
carinata and Cibicidoides spp. were found in all samples that contained foraminifera.  
From the detailed investigation of core 15DF1, age constraints, environmental 
associations, the depth of samples (16–20 mbsl), and sea level reconstructions, this study proposes 
that these foraminiferal assemblages are Holocene in age and lie above the MIS 2 sequence 





Figure 6. An abbreviated chart of foraminiferal and pollen assemblages (%) of core 15DF1. 
Coastal foraminifera are found in the upper 400 cm of core 15DF1. Multiple successions from cypress dominated to open marsh 
environments occurred and may be attributed to floodplain aggradation. TCT (Taxaceae-Cupressaceae-Taxodiaceae) pollen is 
interpreted as T. distichum for this study. Pollen analysis was completed by Dr. Andy Reese (DeLong et al., 2018). Gamma density, 




Figure 7. Foraminiferal genera present in samples taken from cores 15DF3B, 16DF7B, and 
16DF9B. 
Samples from 225 cm and 400 cm in core 16DF7B contained no foraminiferal genera. 
 
4.2 Chronology Control 
 
Radiocarbon ages (Table 2; refer to Appendix A1 for complete results) for 17 out of 19 
wood samples proved to be inconclusive due to radiocarbon dating detection limits. All samples 
retrieved from the seafloor, including a sample taken from an in situ stump, were radiocarbon dead. 
Wood samples from 405 cm and 414 cm in core 15DF1 produced 2σ ages of 45,210 calendar years 
(Cal) before present (BP) (i.e., calendar years before 1950) and 41,830 Cal BP, respectively (Table 
2; Figure 6). Stratigraphic inversion, bulk dating methodology, and the limits of 14C dating has 
caused these ages from core 15FD1 to be cautiously treated as a minimum estimate of the forest 
age. In 2016, a sample of mixed genera benthic foraminifera was radiocarbon dated to provide a 
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depositional age on the top of the interbedded sand and mud facies in core 15DF1. Results yielded 
an age of 3,920 Cal BP. 
Table 2.  Dating Results 






15DF1 Foraminifera Radiocarbon 18.60 
3.30 
Int. Sand and Mud 
4,045–3,830 
Cal BP 
15DF1 BWD Radiocarbon 19.35 
4.05 
Int. Mud and Peat 
46,690–43,625 
Cal BP 
15DF1 BWD Radiocarbon 19.44 
4.14 
Int. Mud and Peat 
42,235–41,350 
Cal BP 
16DF3A Quartz-Silt OSL 18.92 2.12 Int. Mud and Peat 72 ±8 ka 
16DF9A Quartz-Silt OSL 16.97 2.57 Int. Sand and Mud 63 ±5 ka 
16DF7B Quartz-Silt OSL 20.28 4.58 Int. Sand and Mud 74 ±6 ka 
16DF7B Quartz-Sand OSL 20.28 4.58 Int. Sand and Mud 61 ±7 ka 
16DF7B Weighted Mean OSL 20.28 4.58 Int. Sand and Mud 70 ±5 ka 
16DF7A Quartz-Silt OSL 20.00 4.30 Int. Sand and Mud 73 ±6 ka 
16DF8A Quartz-Silt OSL 16.80 0.60 Paleosol 56 ±5 ka 
*BWD=Bulk Woody Debris 
One-sigma dates from the five OSL samples ranged from 56–73 ka (Table 2) at various 
depths. A weighted mean age (70 ±5 ka) was used for the replicate samples from core 16DF7B 
(Table 2). OSL dating of the interbedded mud and peat layer in core 16DF3A extends the 
chronology of this facies to 72 ±8 ka (Table 2). Ongoing palynological analysis of the interbedded 
mud and peat facies in core 15DF3B will seek to improve correlation between forest growth and 
OSL dates. 
4.3 Integration of Geophysical, Core, and Chronological Data 
Guided by background literature and core data, the study of Obelcz (2017) identified three 
seismically resolvable surfaces (Figures 8 and 9): the seafloor, a transgressive surface, and a basal 
surface consisting of steeply dipping clinoform packages. Bathymetry data captured characteristic 
ridge and trough morphology of the MAFLA province (Figures 4 and 9). Two seismic units are 
resolved from the three surfaces (Figure 9): Unit 1 (U1) is bounded above by the seafloor and 
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below by a relatively flat-lying shoreface ravinement contact consisting of amalgamated shell hash 
and sand produced by marine transgression; Unit 2 (U2) is truncated above by the transgressive 
surface and below by the basal surface. U1 is interpreted to be the Holocene sand sheet (0–5 m 
thick) (Obeclz, 2017). U2 is defined to be undifferentiated Pleistocene alluvial plain deposits 
(swamp/paleosol) and interbedded sand and mud facies 1–8 m thick (Obelcz, 2017). The sequence 
boundary formed from sea fall until the LGM may become amalgamated with the transgressive 
surface in the east (Figures 9 and 12). The clinoforms below U2 are interpreted to be Pleistocene 
bayhead deltaic deposits due to geometry, literature, and constraint by the overlying 
swamp/terrestrial facies (Figure 8; Obeclz, 2017). These sequences are prograding and generally 
dip southwest with dip increasing towards the east (Figure 8). Channel crosscutting is apparent in 





Figure 8. 3D fence diagram from CHIRP data.  
Interpreted annotations represent the transgressive surface (green) and basal Pleistocene (red) reflectors. The gold circle is the trough 
where stumps are exposed. Blue annotations represent paleochannels. Vertical exaggeration is 10x. Inset is bathymetry showing location 
of CHIRP data. From (Obelcz, 2017). 
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The base of U2 exhibits variable topography (Figures 9 and 10) and the presence of a 
paleosols (16DF8A) on top of one of these paleohighs suggest that there was paleorelief that may 
have contributed to the preservation of the forest (Figure 10; Gonzalez, 2018). The thickness of 
the alluvial fill package (U2) (Figures 9 and 10) is thickest in the central area of our study site and 
thinnest in the northeastern and southeastern corners where paleosols are present. The DEM 
suggests that there was enough accommodation to allow at least 8 m of sediment accumulation 
(possibly in pulses) before being eroded away during the lowstand and Holocene transgression 
(Figure 10). Evidence from OSL dating suggests that paleotopography in the basal contact may 






Figure 9. 3D subsurface Petrel model of the study area.  
A) White dashed lines represent where stumps are exposed on the surface. B) Core data was 
imported to aid interpretations. Grain size (red) and LOI (green) log responses are shown for core 
15DF1 (Gonzalez, 2018). The transgressive surface is relatively flat lying while the basal surface 
geometry exhibits topographical highs. No cores penetrated the basal surface. Vertical 




Figure 10. Thickness of U2 in the study area. 
U2 is thickest in the central area of our study site. At least 8 m of sediment accumulated before 
being partially eroded away during the lowstand and Holocene transgression. U2 is thinnest in the 
northeast and southeast corners where paleosols were being formed. Dashed area represents 




5.1 Stratigraphic Interpretation 
5.1.1 Core 15DF1 Foraminiferal Interpretation 
The surficial sediments in core 15DF1 are dominated by massive, medium-fine sand 
(Gonzalez et al., 2017; Gonzalez, 2018) with a relatively homogeneous Rosalina-Hanzawaia-
Elphidium-miliolid assemblage (Figure 6). Amphistegina, Archaias, Asterigerina, 
Nodobaculariella, Peneroplids and Soritids, are often termed calcareous-bank microfauna (CBF), 
are present (Figure 6; Appendix A2). Modern CBF can only be found in Cedar Key, Florida and 
on carbonate banks situated on salt domes, and therefore, is suggested that CBF occurrence in 
modern assemblages are a relict product of shoreface raveinment (Kohl et al., 2004). It is 
interpreted that the surficial assemblages are from normal marine conditions (Culver, 1988; 
McBride et al., 1999; Kohl et al., 2004) and are concluded to have been deposited in an inner 
neritic open marine environment similar to the present (Figure 11E). This facies is congruent to 
McBride et al. (1999) Facies 6 (Table 1). The present seafloor surface will be the future maximum 
flooding surface marking the boundary between the transgressive systems tract (TST) and the 
highstand systems tract (HST) (McBride et al., 2004; Gonzalez, 2018). A shell bed (McBride et 
al. (1999) Facies 5 (Table 1); transgressive reflector in geophysical data (Figures 8 and 9)) located 
from 260–275 cm and 315 cm in 15DF1 (Figure 5), which is present in most cores (Figures 12 and 
13), was produced from shoreface ravinement and continued to be reworking during storm wave 




Figure 11. Sea level evolution of the study site.  
A) The interbedded mud and peat was deposited when sea level was lower than present. B) A rapid 
pulse of sea level (SL) rise forced floodplain aggradation and may have buried the site. C) The 
sequence boundary formed as a result of continued falling sea level. D) Rapid Holocene sea level 
rise flooded the incised valleys, and deposited interbedded sand and mud facies. E) Present day 
with the open marine sheet sand blanketing the area. Modified from Bartek et al. (2004). Horizontal 
line on sea level curve represents approximate depth of exposed tree stumps and wood in sediment 




After the lowermost shell bed (315 cm), a zone of interbedded sands and muds persist 
(Figures 5 and 6). Lithologic variability within the interbedded sand and mud facies is 
contemporary with assemblage variability (Figure 6). Silty sediments correlate with little-to-no 
preservation of tests (Figure 6). Pulses of sandy sediments at 360 cm and 380 cm yielded 
assemblages that are similar to the sand sheet communities, with the exception of a sharp decline 
in miliolids (Figure 6). Foraminifera present in low abundances (Appendix A2), combined with 
test discoloration suggest taphonomic alteration rather than poor living conditions (Scott et al., 
2001; Berkeley et al., 2007). It is possible that variability could be attributed to lateral 
heterogeneity from bioturbation and current movement (Scott et al., 2001). The lack of CBF in the 
interbedded sand and mud facies provides additional evidence of a pre-shoreface ravinement 
environment. The dark grey interbedded sand and mud facies is lithologically similar to McBride 
et al. (1999) Facies 4 (Gonzalez et al., 2017, Gonzalez, 2018) with a slightly different foraminiferal 
assemblage (Table 1; Figure 6). Lithologically similar marine interbedded sand and mud facies 
preserved as hurricane event horizons are also found in Mississippi Sound (Bentley et al., 2002; 
Keen et al., 2004). McBride et al. (1999) Facies 4 exhibits an Elphidium-Haynesina assemblage 
(Table 1) that can also be found in many modern bays across the northern GOM (Bandy, 1956; 
Gangopadhyay et al., 1996; Osterman et al., 2009; Poag, 2015), whereas our interbedded facies 
host more neritic genera (Rosalina, Asterigerina, Cibicides, and Hanzawaia; Figure 6). 
Radiocarbon dating reveals that the interbedded sand and mud facies was deposited before 3,920 
Cal BP (Table 2; Figure 6). Sea level would have been ~2–4 m lower than present and parallels 
with the inflection point of Holocene sea level rise declining from ~1–1.4 mm/year to 0.6 mm/year 
(Figure 3; Balsillie and Donoghue, 2004). A change in depositional style within Mobile Bay, 
possibly owing to a rapid retreat of the bay-head delta (4,300–3,000 years BP) or erosion and 
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narrowing of the Morgan Peninsula from increased storm activity (Twichell et al., 2012) is coeval. 
It is possible that our interbedded sand and mud facies is coeval with Facies 4 of McBride 1999 
(Table 1) but in a more seaward position of the estuary indicating increased marine influence 
(Figure 11D). Sequences of open bay muds overlying pre-Holocene deposits suggest that a barrier 
system existed pre-inundation (Mars et al., 1992) and introduces the possibility that these 
assemblages are relict barrier over-wash, and hence, poor preservation. The integration of these 
results advocate the interbedded sand and mud facies in core 15DF1 was deposited in a lower 
shoreface or marine dominated estuarine environment of the Holocene (Figure 11D) and was not 
a result of Pleistocene floodplain deposition. 
The cessation of foraminiferal assemblages, in combination with pollen and core data, lead 
us to interpret the interbedded mud and peat facies as terrestrial in origin and associated with a 
peat accumulation sequence (Figure 11B; Fisk, 1960). A floodplain facies sample from core 
16DF3A (72 ±8 ka; Table 2) provides an age for earliest possible forest growth and constrains 
floodplain deposition to the falling stage systems tract (Figure 11A). Ongoing investigation of 
Uranium-Thorium dating of wood may help improve forest chronology (DeLong et al., 2018). The 
succession of cypress assemblages to marsh environments (Figure 6) in the peat layers may be 
attributed to floodplain aggradation that accompanied pulses of sea level rise during MIS 3 
(Figures 3 and 11B; DeLong et al., 2018). 
5.1.2 Local Stratigraphy 
Building a local stratigraphic framework of our study area will aid in developing a model 
to predict similar sites on the northern GOM shelf (Gonzalez et al., 2017; Gonzalez, 2018). By 
identifying known stratigraphy (Gonzalez et al., 2017; Gonzalez, 2018) and applying knowledge 
of the spatial distribution of depositional environments within fluvial systems, potential locations 
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where other swamps may have existed and been preserved can be identified (Pearson et al., 1986). 
High frequency 100 ka glaciation (4th order) during the Quaternary deposited sequences that may 
diverge from the standard sequence stratigraphic framework that was based off 3rd order cycles of 
the Cretaceous and Early Tertiary strata (Lobo and Ridente, 2014). Lobo and Ridente (2014) 
proposed that higher frequency 20 ka cycles (5th order) can affect stratigraphic architecture of 
dominant 100 ka cyclicity resulting in a ravinement surface located in between the sequence 
boundary and the maximum flooding surface of a thinner TST and a HST confined to the inner 
shelf. Stratigraphy of the area may reflect composite architecture similar to what is seen in the 
Lagniappe Delta, ~100 km west from our site (Lobo and Ridente, 2014).   
A consequence of the interbedded sand and mud facies in core 15DF1 being deposited in 
a coastal environment (Figures 6 and 11D) constrains the chronology of the site and bounds the 
Holocene-Pleistocene unconformity (sequence boundary) above by the interbedded sand and mud 
facies and below by the floodplain facies (Figures 12 and 13). At this location, the sequence 
boundary and bay-ravinement surfaces become amalgamated (Figures 6, 12 and 13). Peats are 
assumed to mark the base of the sequence boundary, and terminations of coastal foraminifera 
deposition (Culver, 1988; Kohl et al., 2004) are assumed to mark the top of the sequence boundary 




Figure 12. East-West cross section of the study area. 
MSCL core images are shown alongside mean grain size and LOI data (Gonzalez, 2018). Blue 
dots represent coastal foraminifera present in samples. Black dots represent samples with no 
microfossils. Inset displays site bathymetry, cross section location, and red dots indicate possible 
stump contacts imaged via sidescan sonar. Duplicates of cores from the same location are a 
consequence of OSL dating and micropaleontological sampling from different cores. Peats are 
preserved in the west where relief was lower. 
 
Mapping of the sequence boundary reveals an eastern high and a central western low in 
our study area (Figures 12 and 13) displaying ~1–2 m of negative relief dating to MIS 2 (assuming 
differential compaction is negligible). Evidence of topography prior to MIS 2 is provided in 
geophysical data where U2 thins in the northeastern and southeastern extents of our study area 
(Figure 10). Geophysical interpretation is supported by the presence of paleosols at the location of 
paleohighs (Figures 9 and 10; Gonzalez et al., 2018). Peats are preserved in the western portion of 
the study area (Figure 10) with 15DF3B hosting the longest section of recovered peat (1.57 m). 
Higher elevation Pleistocene interbedded sands and muds (16DF7 and 16DF9; Figure 13) in the 
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southern extent could have been deposited as part of a fluvial system (Figure 8; Obeclz, 2017). 
Observations are similar to elevation and morphology in modern day floodplain channel-levee 
complexes (Lewin and Ashworth, 2014). 
 
 
Figure 13. North-South cross section of the study area. 
This figure is similar to Figure 12 with different direction across the study area. Peats are preserved 
in the north where relief was lower. The southern region did not preserve any peats and was 





The accommodation space provided by paleorelief with peats being preserved in the lower 
lying areas (Figures 9, 10, 12, and 13) is conducive for forest preservation as sediment infills the 
lower lying areas first, and higher relief areas are preferentially eroded. Paleosols (56 ±5 ka) and 
a low-lying sequence boundary (MIS 2) suggest paleorelief was present and is a contributing factor 
in forest preservation in the west (Figures 10, 12, and 13). The study of Pearson et al. (1986) found 
that topography is the most important factor to site peat preservation and secondary factors 
included subsidence and compaction. The highest chance of finding additional stumps is to the 
west and northwest of the area where peats are currently preserved (Figure 10) based on cross 
sections (Figures 12 and 13). Core interpretations combined with seismic interpretations suggest 
paleorelief was established prior to 56 ±5 ka and existed until Holocene transgression (Figures 9, 
10, 12, and 13). Stratigraphy (Figures 9, 12, and 13) advocates the timing of rapid sea level rise 
(Figure 3) in conjunction with a favorable location within the incised valley (Figure 2) that 
experienced enough sediment aggradation (Figure 10) to withstand lowstand erosional processes. 
5.2 Preservation of the Forest in Context to GOM Sea Level Evolution 
 Common mechanisms for the preservation of wood include river-lake flooding, volcanism, 
subsidence (sedimentary and tectonic), sandbar migration, crevasse splays, mass wasting, and sea 
level rise (Dimichele and Falcon-Lang, 2011). This study hypothesizes that two major factors 
allowed for wood preservation from destructive erosional processes of sea level regression and 
transgression of a glacioeustatic cycle: (1) paleotopographic relief created enough accommodation 
for sediment infill to bury and preserve the forest (evidenced by stratigraphic mapping of the area), 
and (2) significant pulses of sea level rise during MIS 3-4 produced widespread, rapid floodplain 
aggradation within the incised complex (Gonzalez et al., 2017; DeLong et al., 2018; Gonzalez, 
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2018). The latter will be discussed in detail in the following section under the assumption that all 
age constraints are correct and 72 ±8 ka is the earliest estimate of forest growth (Gonzalez, 2018).  
A key requirement for preservation of organic materials in sediments is anoxic conditions 
suppressing aerobic decomposition (Dimichele and Falcon-Lang, 2011). Swamp environments, 
such as those that cypress grow in, commonly have stagnant waters with a low oxygen content that 
provide favorable conditions for preservation (Conner and Buford, 1998). Ancient kauri (Agathis 
australis) stumps from New Zealand (Lorrey et al., 2018) and cypress stumps (Early Holocene) of 
the Trinity-Sabine complex (Pearson et al., 1986) are preserved in similar peaty swamp sediments 
as the study site.  
Several mechanisms are candidates for forest burial, both autogenic and allogenic (Obelcz, 
2017; Gonzalez, 2018). Autogenic burial, such as a crevasse splay, is a possible mechanism for 
burial but sedimentological and geophysical data show no suggestion of this being the case 
(Obelcz, 2017; Gonzalez, 2018). While natural subsidence can account for the stumps being 
buried, subsidence of the area is suggested to be low (Anderson et al., 2004; Bartek et al., 2004), 
and this study believes the stumps were buried rapidly based on evidence from large wood pieces 
recovered by divers (DeLong et al., 2018). A floating tree-ring chronology (489 years long with 
annual resolution) of 10 of these recovered wood specimens reveals that these trees experienced a 
rapid stress event that resulted in synchronous tree mortality (DeLong et al., 2018). Many of the 
wood pieces recovered have intact bark (DeLong et al., 2018) provides additional evidence that 
the trees were presumably buried rapidly after this stress event because bark is generally shed first 
while the snag is still standing (Mobley et al., 2013).  
Another mechanism, allogenic burial via floodplain aggradation as a response to sea level 
rise (Obelcz, 2017; Gonzalez, 2018) is discussed here. A large amplitude excursion in sea level 
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beginning 65 ka (7.4 m/ka) is a plausible candidate for forest burial (Figure 3). Forest growth ~65 
ka would have occurred 60–100 m (Figure 3) above sea level and ~70–85 km inland assuming a 
previous highstand coastal plain similar to present (Bart and Anderson, 2004). The Mississippi 
River system has shown that the reaction time to large amplitudes in sea level fluctuations can 
rapidly adjust through fluvial aggradation and incision (Shen et al., 2012). Fluvial incision 
migrated inland at a rate of 60 km/ka during MIS 5a–4 (Shen et al., 2012). The study of Shen et 
al. (2015) demonstrates that overbank aggradation can rapidly aggrade at rates of 1–4 cm/year and 
Anderson et al. (2016) suggests that floodplain aggradation during the Holocene in Texas was in 
step with sea level rise. An additional rapid rise in sea level of ~13 m from 44–39.5 ka (Figure 3) 
could have forced another episode of floodplain aggradation, renewing sediment cover to the forest 
site, and aiding in preservation. The timing of rapid sea level rises (Figure 3) and floodplain 
aggradation (Gonzalez, 2018) in conjunction with a favorable location within the incised valley 
(Figure 2) that experienced enough sediment aggradation to withstand lowstand erosional 
processes may have led to stump preservation during the glacial interval (Figures 10, 12, and 13).  
Based on our age model, dates from 44 ka, 57 ka, and 65 ka can be attributed to floodplain 
aggradation (Gonzalez, 2018). The oldest OSL dates clustering ~70 ka occur during global sea 
level fall (Figure 3), and therefore, floodplain aggradation as a mechanism for the burial of 
sediments cannot account for these dates (Gonzalez, 2018). Mechanisms for these dates can be 
due to the period of sea level fall (~15 ka) was not long enough to completely erode strata deposited 
during sea level fall or changes in climate could have caused fluvial aggradation during periods of 
sea level (Shen et al., 2012). One-sigma error within the OSL dates could put the dates within 
range of the 65 ka aggradation episode (Figure 3). Isostatic uplift from Mississippi River sediment 
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loading and growth or collapse of the Laurentide Ice Sheet forebulge could cause regional 
deviations from the global sea level record (Simms et al., 2007; Simms et al., 2009).  
It is also plausible that the GOM experienced rapid millennial scale increases in sea level 
during this period that are below the resolution of Waelbroeck et al. (2002) global sea level record 
(Figure 3). Severe warming followed by a slow cooling characteristic of DO events occur 68 ka 
and 72 ka (DO 19 and DO 20) and may represent a plausible explanation for clustering of ~70 ka 
ages (Figure 3). Several studies have linked millennial-scale events during MIS 3 with Greenland 
interstadials (Grimm et al., 1993; Bassetti et al., 2008; Sierro et al., 2009; da Costa Portilho-Ramos 
et al., 2014). Glacial age sea level proxy records are rare and generally have low temporal 
resolution making direct correlation to DO events difficult (Siddall et al., 2008). Although 
knowledge is limited on timing and influence of DO events in the GOM, the possibility of rapid 
burial mechanisms driven by DO events cannot be discredited. Furthermore, rapid hydrological 
change was occurring concurrently with forest growth (Grimm et al., 1993; Dorale et al., 1998; 
Nürnberg et al., 2008). A speleothem record in Missouri finds millennial scale cool-warm 
oscillations resembling DO events from 55–75 ka (Dorale et al., 1998). A local sea surface salinity 
anomaly record (Δδ18OIVF–SW) suggest three major periods of freshening near our site during MIS 
4–2 (Figure 3) most likely due to a strengthened Mississippi River discharge and increased 
precipitation from modulation of the subtropical jet and the Intertropical Convergence Zone 
(Nürnberg et al., 2008). Magnesium Calcium ratios (Mg/Ca), a proxy for sea surface temperature, 
suggests that the northeastern GOM also experienced warm-cool oscillations during MIS 4–3 
(Figure 3; Nürnberg et al., 2008). Pollen records from Lake Tulane, FL also support alternating 
periods of increased precipitation during the last glacial (Grimm et al., 1993). Currently, large 
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uncertainties in sea level reconstructions and chronology control prevent further constraining of 
our hypothesis related to millennial scale variability.  
If allogenic forcing by sea level rise caused increased rates of floodplain aggradation that 
buried our site, then other sites located within GOM incised valleys at similar elevations should 
have also experienced similar conditions (Obelcz, 2017; Gonzalez, 2018). Kauri in New Zealand 
is the only other analog known of subfossil wood being preserved for hundreds of millennia (>40 
ka) (Lorrey et al., 2018). Although younger in age, the Trinity-Sabine complex on the Texas coast 
hosts preserved swamp deposits and cypress wood that were preserved in a similar mode to our 
study (Pearson et al., 1986). Cypress stumps, located within the incised valley, were buried and 
preserved through Holocene transgression (Pearson et al., 1986). The study of Pearson et al. (1986) 
studied the landforms of the area and created a conceptual riverine model to associate landform 
types and preservation potential of deposits (Figure 14). That study found pre-transgressive marsh 
deposits overlain by estuarine and marine sediments. They found that only on the slopes of the 
Prairie/Beaumont terrace, below the marine transgressive zone, is there a chance of site 
preservation due to the powerful wave-front and wave-base erosion of the transgressive zone. That 
study concluded that topography is the most important factor in site preservation, and subsidence 
and compaction were secondary. The Trinity-Sabine complex provides evidence that preservation 
processes at our site are not localized but occurring all along the gulf coast. Valuable insight is 
provided from this information for application of developing a model to predict other buried forest 




Figure 14. Conceptual model for preservation potential within the Sabine Valley, TX as an analog 
to our site. 
Stumps represent sites with a high probability of preservation. Preservation sites are mostly related 
to topographic relief. Imposed are correlative locations of our cores within the stratigraphic context 
of the Sabine Valley. Modified from Pearson et al. (1986).  
 
6. CONCLUSIONS 
This study site provides a unique opportunity to study changes to a subtropical environment 
during an interglacial-glacial cycle. Integration of geophysical and stratigraphic records in this 
thesis has further constrained our initial forest hypothesis. The chronology for earliest forest 
growth was pushed back to 72 ±8 ka. It is hypothesized that rapid pulses of sea level rise of ~10–
15 m during MIS 3–4 forced increases in floodplain aggradation that aided in forest preservation 
and could have initially buried the forest. The forest was located within an area with 
paleotopographic relief that provided accommodation space for enough sediment infill to preserve 
the forest from regressive and transgressive erosional processes of a eustatic cycle. The 
interbedded sand and mud facies in core 15DF1 was determined to be deposited in the late 
Holocene lower shoreface or marine dominated estuarine environment and was not a result of 
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Pleistocene floodplain deposition. It is likely that a “bathtub ring” of other sites located within 
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APPENDIX; SUPPLEMENTAL DATA 
 
A1. Dating Tables 
 
Table 3 – Appendix: Radiocarbon Dates  
1 BWD = Bulk Woody Debris 
2 CAMS samples were analyzed at the CAMS at Lawrence Livermore National Laboratory in California and 
samples labeled Beta was analyzed at Beta Analytic Radiocarbon Dating Laboratory in Miami, Florida. CAMS 
samples are eight wood samples collected by divers, some in October 2013, including one sample extracted from in 
situ stump underwater and others by Ben Raines. Beta samples are from the core DF1 collected August 2015. 
CAMS sample preparation backgrounds were subtracted, based on measurements of samples of 14C-free wood. 
Backgrounds were scaled relative to sample size. Carbon-14 (14C) ages with an > before age are infinite ages and 
samples are radiocarbon dead, i.e., extremely low 14C activity that are almost identical to the background signal. A 
measured calendar age is not reported for infinite dates since corrections may imply a greater level of confidence 
than is appropriate. CAMS 160063, 160064, 167085, 167086, 167087, and 167089 are reported as 2σ limits (Stuiver 
and Polach, 1977). “dup” is duplicate. 
3 CAMS carbon stable isotopic ratio (δ13C) values are the assumed values according to Stuiver and Polach (1977), 
when given without decimal places. Values measured for the material itself are given with a single decimal place. 
Beta reported δ13C values were measured separately in an isotope ratio mass spectrometer. They are not the AMS 
δ13C, which would include fractionation effects from natural, chemistry and AMS induced sources. 
4 Quoted age is in radiocarbon years using the Libby half-life of 5568 years and following the conventions of Stuiver 
and Polach (1977). CAMS samples are at or close to detection limits for radiocarbon dating and are shown as >14C 
age date or with large error bars. 
 
Sample type 1 Lab 2 Sample name δ13C 3 C age 4 ± Cal BP Cal BP range 
Wood - Ben CAMS ALAF C1 –25 51,700 2600   
Wood - Ben CAMS ALAF C1 dup –25 >52,500    
Wood - Ben CAMS ALAF B1 –25 >49,600    
Wood - Ben CAMS ALAF-B1 dup –25 >51,200    
Wood - Diver CAMS GOM 1A –25 50,700 3100   
Wood - Diver CAMS GOM 1B –25 51,200 3400   
Wood - Diver CAMS GOM 2A –25 >51,400    
Wood - Diver CAMS GOM 2B –25 >52,600    
Wood - Diver CAMS GOM 013A #1 –25 >48,600    
Wood - Diver CAMS GOM #2 –25 52,400 3900   
Wood - Diver CAMS GOM 005A –25 >49,100    
BWD - 322 cm Beta DF1-322 –30.1 >43,500    
Foraminifera - 330 cm Beta 15DF1-330 -0.1 3,940 30 3,920 4,045–3,830 
BWD - 405 cm Beta DF1-405 –28.8 41,830 880 45,210 46,690–43,625 
BWD - 414 cm Beta DF1-414 –23.0 37,350 330 41,830 42,235–41,350 
BWD - 414 cm Beta DF1-414-2 –28.9 >43,500    
BWD - 419 cm Beta DF1-419 –28.7 >43,500    
BWD - 424 cm Beta DF1-424 –31.0 >43,500    
BWD - 456 cm Beta DF1-456 –27.4 >43,500    
BWD - 466 cm Beta DF1-466 –28.5 >43,500    
50 
 


























DF 3A-1 15.8/2.12 2.96±0.09 11.61±0.34 1.37±0.04 0.57±0.10 0.15 Silt 1.48±0.17 106±3 72±8 
DF 9A-1 14.4/2.57 4.18±0.11 12.43±0.27 1.33±0.03 0.25±0.10 0.14 Silt 2.89±0.21 182±6 63±5 
DF 7B-1 15.7/4.58 3.50±0.10 12.01±0.28 1.16±0.03 0.24±0.10 0.12 
Silt 2.60±0.21 193±6 74±6 
Sand 2.25±0.20 138±10 61±7 
DF 7B-1 Weighted Mean 70±5 
DF 7A-1 15.7/4.30 3.52±0.09 12.63±0.28 1.34±0.03 0.27±0.10 0.12 Silt 2.64±0.22 193±5 73±6 
DF 8A-1 16.2/0.60 4.96±0.13 17.02±0.35 1.52±0.04 0.20±0.10 0.18 Silt 3.81±0.29 214±10 56±5 
* Cosmic dose rates were calculated for with and without seawater at the coring site. The cosmic dose rates for age calculation were 
derived by assuming ~15% burial history with sea water of present-day depth at the coring sites, considering sample ages, water depth 




A2. Complete 15DF1 Count 
 
 




Depth (cm) 40 120 200 275 310 320 330 335 340 345 
Soritids and Peneroplids Present Present Present Present Present Present 0 0 0 0 
Quinqueloculina spp. 43 36 43 36 33 28 37 0 0 0 
Other Miliolids 11 12 11 8 22 8 4 0 0 0 
Rosalina spp. 83 83 60 67 103 63 70 0 0 0 
Hanzawaia concentrica 41 47 43 39 27 64 30 0 0 0 
Asterigerina carinata 21 13 39 27 15 18 23 0 0 0 
Cibicidoides spp. 33 37 33 29 18 27 24 0 0 0 
Nonionella spp. 11 10 11 11 19 7 16 0 0 0 
Guttulina sp. 3 2 2 8 6 5 4 0 0 0 
Bulimina spp. 1 0 2 2 13 1 2 0 0 0 
Reussella atlantica 1 0 1 4 0 1 1 0 0 0 
Buccella hannai 4 4 3 6 4 6 9 0 0 0 
Haynesina? germanica 6 10 1 3 1 3 3 0 0 0 
Elphidium spp. 33 28 47 43 39 49 56 0 0 0 
Ammonia parkinsoniana 3 6 5 6 4 5 5 0 0 0 
Indeterminate 1 6 3 3 3 5 2 0 0 0 
Textulariida 3 4 4 6 4 6 5 0 0 0 
Planktonic 0 0 1 4 12 4 9 0 0 0 
Planulina sp. 0 1 0 1 0 0 0 0 0 0 
Fursenkoina sp. 0 1 0 0 1 0 0 0 0 0 
Bolivina sp. 0 0 0 0 0 0 0 0 0 0 
Oolina sp. 0 0 0 1 0 1 0 0 0 0 
Cassidulina sp. 0 0 0 0 0 0 0 0 0 0 
Eponides sp. 0 1 0 0 0 0 0 0 0 0 
Amphistegina gibbosa 0 0 1 0 0 0 0 0 0 0 
Virgulina sp. 0 0 1 0 0 0 0 0 0 0 
Islandiella sp. 1 0 0 0 0 0 0 0 0 0 
Uvigerina sp. 0 0 2 1 0 0 0 0 0 0 
Total 300 302 314 306 325 302 300 0 0 0 
Abundance (individuals/g) 134.35 136.47 138.39 284.92 1625.00 144.15 185.30 0.00 0.00 0.00 
53 
 
Depth (cm) 350 355 360 365 370 375 380 385 390 400 
Soritids and Peneroplids 0 0 0 0 0 0 0 0 0 0 
Quinqueloculina spp. 0 0 4 0 0 0 1 0 0 0 
Other Miliolids 0 0 2 0 0 0 0 0 0 0 
Rosalina spp. 0 0 73 0 0 0 61 0 0 0 
Hanzawaia concentrica 0 0 39 0 0 0 58 0 0 0 
Asterigerina carinata 0 0 34 0 0 0 21 0 0 0 
Cibicidoides spp. 0 0 41 0 0 0 26 0 0 0 
Nonionella spp. 0 0 13 0 0 0 11 0 0 0 
Guttulina sp. 0 0 5 0 0 0 4 0 0 0 
Bulimina spp. 0 0 2 0 0 0 1 0 0 0 
Reussella atlantica 0 0 2 0 0 0 3 0 0 0 
Buccella hannai 0 0 4 0 0 0 9 0 0 0 
Haynesina? germanica 0 0 0 0 0 0 0 0 0 0 
Elphidium spp. 0 0 55 0 0 0 41 0 0 0 
Ammonia parkinsoniana 0 0 10 0 0 0 11 0 0 0 
Indeterminate 0 0 2 0 0 0 3 0 0 0 
Textulariida 0 0 5 0 0 0 0 0 0 2 
Planktonic 0 0 7 0 0 0 5 0 0 0 
Planulina sp. 0 0 0 0 0 0 0 0 0 0 
Fursenkoina sp. 0 0 0 0 0 0 1 0 0 0 
Bolivina sp. 0 0 0 0 0 0 0 0 0 0 
Oolina sp. 1 0 1 0 0 0 0 0 0 0 
Cassidulina sp. 0 0 1 0 0 0 0 0 0 0 
Eponides sp. 0 0 0 0 0 0 0 0 0 0 
Amphistegina gibbosa 0 0 0 0 0 0 0 0 0 0 
Virgulina sp. 0 0 0 0 0 0 0 0 0 0 
Islandiella sp. 0 0 0 0 0 0 0 0 0 0 
Uvigerina sp. 0 0 0 0 0 0 0 0 0 0 
Total 1 0 300 0 0 0 256 0 0 2 
Abundance (individuals/g) 0.70 0.00 73.10 0.00 0.00 0.00 44.82 0.00 0.00 3.05 
54 
 
A3. SESAR Registration 

















16DF1B 2016 IEADF161B VibraCorer 15.3 0.93 HS Inner Shelf GOM – AL LSU 
16DF1C 2016 IEADF161C VibraCorer 15.3 1.71 HS Inner Shelf GOM – AL LSU 
16DF1D 2016 IEADF161D VibraCorer 15.3 3.97 HS, PP Inner Shelf GOM – AL LSU 
16DF3A 2016 IEADF163A VibraCorer 16.8 2.32 HS, HI, PP Inner Shelf GOM – AL LSU 
16DF3B 2016 IEADF163B VibraCorer 16.8 1.03 HS Inner Shelf GOM – AL LSU 
16DF7A 2016 IEADF167A VibraCorer 15.7 4.69 HS, PI Inner Shelf GOM – AL LSU 
16DF7B 2016 IEADF167B VibraCorer 15.7 4.78 HS, PI Inner Shelf GOM – AL LSU 
16DF8A 2016 IEADF168A VibraCorer 16.2 0.87 HS; Paleosol Inner Shelf GOM – AL LSU 
16DF8B 2016 IEADF168B VibraCorer 16.2 0.75 HS; Paleosol Inner Shelf GOM – AL LSU 
16DF9A 2016 IEADF169A VibraCorer 14.4 2.73 HS; PI Inner Shelf GOM – AL LSU 
16DF9B 2016 IEADF169B VibraCorer 14.4 2.39 HS; PI Inner Shelf GOM – AL LSU 
15DF1 2015 IEADF151A VibraCorer 15.3 4.90 HS, HI, PP Inner Shelf GOM – AL LSU 
15DF2 2015 IEADF152A VibraCorer 15.8 3.30 HS, PFS Inner Shelf GOM – AL LSU 
15DF3B 2015 IEADF153B VibraCorer 15.8 3.30 HS, HI, PP Inner Shelf GOM – AL LSU 
15DF4 2015 IEADF154A VibraCorer 16.3 1.99 HS, HI, PP Inner Shelf GOM – AL LSU 
15DF5 2015 IEADF155A VibraCorer 17.1 1.23 HS, PP Inner Shelf GOM – AL LSU 
15DF6 2015 IEADF156A VibraCorer 16.7 0.94 HS, PP Inner Shelf GOM – AL LSU 
HS: Holocene Sand; HI: Holocene Interbedded Sand and Mud; PI: Pleistocene Interbedded Sand and Mud; PP: Pleistocene Interbedded 
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